Introduction
Under aquaculture conditions parasitism may lead to retarded growth, adverse physiological alterations and increased host susceptibility to parasites (Ghiraldelli et al. 2006) . As pointed out by Hecht and Endemann (1998) , baseline information on parasitic infection may be used to draft and implement proactive measures, as opposed to reactive research aimed at crisis control. During the past few years there has been continued interest in South Africa with regard to evaluation of endemic fish species for aquaculture purposes. A very pertinent example is Labeo umbratus (Smith 1841) or moggel, which shows promise as a suitable aquaculture species in small impoundments (Potts et al. 2006) . However, only very recently (Crafford et al. 2012) have monogenean parasites been described from this species. Should the aquaculture status of the moggel develop from a potential aquaculture candidate species to an established industry, baseline epidemiological data, as presented here, would be beneficial toward the evaluation of potential parasite risks that may be encountered under intensive aquaculture conditions.
The research reported on here formed part of a larger project investigating the monogenean fauna of fish species inhabiting the Vaal Dam in Gauteng Province, South Africa. As such ecological aspects of monogenean fauna of the moggel L. umbratus (Smith, 1841) and the Orange River mudfish Labeo capensis (Smith, 1841) , as recorded during both winter and summer sampling surveys, are reported. Both fish species are endemic to South Africa with L. umbratus having a slightly wider distribution compared to L. capensis (Skelton 2001) . Labeo umbratus prefers standing or gently flowing water and thrives in shallow impoundments, e.g. farm irrigation dams where they reproduce successfully (Skelton 2001) . Conversely L. capensis prefers running waters (i.e. rivers) but also does well in large impoundments (Tómasson et al. 1984 , Skelton 2001 ). *Corresponding author: aoldewage@uj.ac.za Dionne Crafford et al. 18 The objectives of this part of the project were thus to examine and compare aspects of monogenean biology, in terms of commonly employed infection statistics, host and site preference and potential seasonal effect, within an ecological framework (i.e. numbers and distribution of parasites).
Materials and Methods
The study site was an area of the Vaal Dam (S 26°52.249´, E 28°10.249´) surrounding the University of Johannesburg Island (previously RAU Island), Vaal River system, Gauteng Province, South Africa (Fig. 1) .
Fish were collected during June/July 2009 (winter survey) and again during January 2010 (summer survey) using gill nets of varying stretched mesh sizes (90, 110 and 130 mm respectively). Following collection fish were placed in a canvas holding tank through which dam water was circulated. Fish were weighed in grams, after which three to six mucous smears were immediately prepared from the skin and fins with the aid of microscope slides. The latter was subsequently examined with the aid of a dissection microscope. Fish were killed by severing the spinal cord behind the head. Once euthanized, the total length of each fish was measured in centimetres. Fultons condition factor (K) was calculated as K = 100 × (W/L 3 ) (W = weight in grams and L = total length in centimetres) (Froese 2006 , Nash et al. 2006 . After being measured gills were carefully removed and separated into left and right hemispheres. For each hemisphere gill arches were separated in sequence (i.e. one to four). Subsequent division of each gill arch (Fig. 2) was adapted from Blažek and Gelnar (2006) . For each gill arch the following were identified and examined: (1) Three segments -dorsal, median and ventral, (2) both the anterior ("front" of gill facing water current) hemibranch and posterior (i.e. "back" of gill) hemibranch.
To a large extent, only the outer areas were examined due to the parasite removal method employed (scraping of gills as described below). For the same reason the gill was also not divided into distal, central and proximal areas. The mucus and epithelial lining of each respective segment, on both the anterior and posterior hemibranchs, were scraped onto a glass slide with the aid of a second microscope slide. The scraping was spread evenly over the slide prior to examination with a stereo microscope. In total six gill scrapings were thus examined per gill arch processed. Parasites were removed with the aid of a stout eye lash hair (glued to a wooden match stick) and subsequently mounted (cover slip sealed with clear nail varnish) in either Malmberg's solution or glycerine jelly. Identification and description of parasites from these two host species have been discussed by Crafford et al. (2012) .
SOFA (Statistics Open For All) software, version 0.9.22 (www.sofastatistics.com) was used to apply the Chi-Square statistic to test (at parasite species level) for (a) equal proportion of parasite on left and right gill sets; (b) on gill arch 1, 2, 3 or 4, (c) on front or back of the gill arch and (d) on the dorsal, median or ventral positions on the gill arch. SOFA was also used to apply the Mann-Whitney test (non-parametric test) to parasite numbers (i.e. for comparison between seasons).
QP3.0 (Quantitative Parasitology Version 3.0, Reiczigel and Rózsa 2005, http://www.zoologia.hu/qp/qp.html) was used to compare infection statistics between seasons. Analyses were only performed for parasite species of which adequate numbers were collected during both surveys.
The parasite recovery method employed (scraping of gill tissue followed by microscopic examination) is a recognized procedure in monogenean research (e.g. Wong et al. 2008) . However, further studies are required to verify if it is repeti- 
Results

Host data
Host data are summarized in Table I . During the winter survey 26 specimens (21 males) of L. umbratus were collected, compared to 13 (four males) L. capensis. During the summer survey 21 specimens (15 males) of L. umbratus were collected, compared to 20 (nine males) L. capensis.
Water quality variables
Water analysis data was obtained from Rand Water (sampling point reference C-VD1l, monthly water sampling). As samples were not taken on the precise dates of fish host sampling, results are provided for analyses conducted within one to two months prior to the sampling effort as well as one to two months thereafter. Dissolved oxygen ranged between 57.2 and 76.6% in winter compared to the range of 71.9 to 80.4% recorded in summer. During winter, temperature was found to vary between 15.8 and 19.6°C, while summer temperatures ranged between 19.5 and 23.4°C. The concentration of total dissolved solids during winter was found to be between 140 and 150 mg/L compared to a range of 145 to 175 mg/L recorded during summer.
Metal concentrations (only metals routinely analyzed by Rand Water, i.e. chrome, copper and lead) were generally found to be low (<10.0 to <0.010 μg/L, 10.0 to <0.010 μg/L and 13.0 to <8.0 respectively) during the summer period investigated. The South African Water Quality Guidelines (Department of Water Affairs and Forestry 1996) recommends lead target water quality ranges of 0 to 0.01 mg/L for domestic use and 0.0002 mg/L or less with reference to aquatic ecosystems. The lead values recorded thus exceeded the guideline value in some instances.
Infection statistics
Monogenean parasite infection statistics are summarized in Table II . Significantly more parasites were collected dur- Dionne Crafford et al. 20 ing the summer (i.e. second) survey compared to the winter (i.e. first) survey (Mann-Whitney U test, p = 0.001). difference in prevalence between seasons (i.e. higher in summer for Dactylogyrus spp. and Dogielius sp.). In terms of mean intensity and mean abundance, significant seasonal differences (much higher in summer) were recorded only for D. larindae. For L. capensis no statistically significant seasonal differences in calculated prevalence, mean intensity or mean abundance values were recorded for any of the parasites for which analyses were performed.
Dactylogyrus iwani
Site preference
Site preference results are summarized in Table IV . The only species for which statistically significant gill position preference was recorded, was L. umbratus. This was particularly true for the summer survey. Parasites on L. capensis exhibited the exact same seasonal trends but these preferences were not statistically significant. There was a clear preference for the second (during summer) and third (during winter) gill arches. For both surveys parasites exhibited a preference for the medial position of the gill as well as the anterior face of the gill.
This preference was found to be statistically significant for L. umbratus during the summer survey only. During winter a statistically insignificant preference was recorded for the right side of the head, while parasites appeared to prefer the left gill set during summer (statistically significant for L. umbratus).
Discussion
Host data
From available length-age data (Laurenson et al. 1989 , Skelton 2001 , Potts et al. 2006 it can be deduced that all L. umbratus and L. capensis specimens examined were at least older than 3 years.
Monogenean infections often have little negative impact on host variables such as growth and survival and often produce no clinical signs of disease (e.g. Cusack 1986 , Cone and Cusack 1988 , Le Roux et al. 2011 . Variation in the condition factor also reflects the state of sexual maturity and degree of nourishment (Williams 2000 Ali et al. 2006 , Froese 2006 . Both fish species reproduce in spring and early summer. Reduction in condition factor values from mid-winter (June/July) to mid-summer (January) may thus most probably be attributed to energy expenditure during spawning.
Whilst it appears unlikely that parasite infections observed influenced condition factor values, a reduction in the condition of the fish may increase the susceptibility of a particular host to a particular parasite. This suggests that fish condition may have an influence on the fish's resistance to a particular parasite and consequently affect its susceptibility, thereby influencing parasite prevalence and intensity. This appears to be the case in the current study. All the parasites (with the exception of D. intorquens on L. capensis) have a negative relationship between fish condition and parasite prevalence, suggesting that parasite prevalence increases with a decrease in fish condition (Tables 1  and 2 ). This effect is more pronounced in some situations than in others. As tabulated in Table 4 , comparisons between winter and summer infection statistics failed to provide statistically significant results for L. capensis.
Macroscopic pathology/abnormal conditions resulting from monogenean infection may include sporadic haemorrhages (Martins et al. 2000) and pale gills with excessive mucous secretion (Buchmann and Bresciani 1998 , Buchmann 1999 , Arafa et al. 2009 ). None of the afore-mentioned conditions were observed macroscopically during handling and processing of fish.
Water quality variables
The interaction between parasitism, water contamination and condition factor is complex, being influenced by various biotic and abiotic factors (Escher et al. 1999 , Thomas et al. 2000 , Lamková et al. 2007 , Pervin and Mortuza 2008 , Tavares-Dias et al. 2008 , Arafa et al. 2009 ). None the less water quality (with particular reference to pollutants such as heavy metals) has been shown to negatively affect monogenean parasite numbers and distribution (Dušek et al. 1998 , Galli et al. 2001 , Marcogliese 2004 , Blanar et al. 2009 ).
Water quality in the Vaal Dam is generally considered to be good (Crafford and Avenant-Oldewage 2009) . However, lead concentrations encountered did exceed the recommended concentration for aquatic ecosystems. This may have negatively influenced monogenean parasite communities but study design did not allow quantification of such possible negative effects.
Infection statistics
Significantly more parasites were collected during the summer (i.e. second) survey compared to the winter (i.e. first) survey (Mann-Whitney U test, p = 0.001). The generally higher prevalence of Dactylogyrus spp. during summer is in agreement with trends reported for other Dactylogyrus spp. This could at least in part be attributed to temperature effects on Dactylogyrus spp. reproduction rates as a positive trend between dactylogyrid egg development and temperature has been demonstrated (Paperna 1964 , Kir and Tekin Özan 2007 , Tekin Özan et al. 2008 . Temperature ranges experienced during the current study, have also been shown by Özer and Erdem (1998) to result in the highest prevalence of infection for D. extensus on carp (Cyprinus carpio). Özer and Erdem (1998) furthermore state that physiological stress caused by spawning may further contribute to increased parasite burdens during spring and summer. Increased parasite reproduction combined with host schooling during spawning in spring and early summer may well result in higher infection statistic values recorded during surveys performed later in summer.
With regard to statistical comparison of possible seasonal differences, a number of interesting points arise from the results summarized in Table 3 . Highly significant seasonal differences (increase during summer) were recorded for D. larindae on L. umbratus but not on L. capensis. From this it can be deduced that temperature could not solely be responsible for higher parasite numbers in summer, as this would also have been reflected in statistics for L. capensis. Factors such as parasite host specificity (e.g. D. larindae did show a preference for L. umbratus) or host population dynamics most probably also play an important role. Commenting on the possible effect of host population dynamics may be more difficult.
From the sampling efforts it was clear that these two species were the most prevalent fish species at the locality sampled. The sampling effort was, however, not conducted in a manner that would allow calculation of any population related variables (population size or age cohorts) that would allow detailed comparison of host species population differences.
Dactylogyrus iwani demonstrated a preference for L. capensis during both seasons. The occurrence of this para-site (prevalence) also increased on this host from winter to summer, but numbers (mean intensity) did not increase (these trends were not statistically significant). Infections statistics for D. iwani increased significantly from winter to summer as recorded from L. umbratus (i.e. the "non-preferred" host). This is in contrast to the situation encountered in the preceding paragraph, where D. larindae infection statistics increased significantly in the preferred host only. From this it may be deduced that host preference may also not play a decisive role in the seasonal trends observed.
It is postulated that the interaction between parasite population dynamics (influenced by temperature effects) and host population dynamics may be largely responsible for the results obtained. It may be that some of the parasite species (e.g. D. larindae) have developed more effective strategies to synchronize reproduction with schooling behaviour of the preferred host. With host populations separate to an extend during spawning events (Skelton 2001, Froese and Pauly 2011) the preferred host population will be subjected to higher numbers of infective oncomiracidia compared to the challenge experienced by other possible hosts during the same time period.
Future ecological studies examining seasonal effects should ideally include specifically designed sampling efforts that would allow calculation of host population variables and descriptions of population dynamic differences between the host species examined. Such field studies could be combined with laboratory studies examining parasite reproductive rates at different temperatures as recorded from different hosts.
Site preference
The only gill position for which the same statistically significant preference was recorded during both surveys (for L. umbratus), relates to gill arch preference (second and third arches). Similar results have also been obtained by other researchers (Anderson et al. 1993 , Blažek and Gelnar 2006 , Turgut et al. 2006 , Le Roux et al. 2011 ). Paling (1968 demonstrated that most of the respiratory current appears to flow over the third pair of gills, with smaller yet appreciable volumes flowing over the second and fourth pairs of gills. The first and last pair of gills was shown to carry comparatively little of the water flow. Differences in water volume also influence available attachment surface area as well as aerobic conditions (Raymond et al. 2006 , Turgut et al. 2006 . Spatial distribution is thus not due to active choice of attachment site, but rather a result of respiratory current, host fish behaviour and habitat use (Blažek and Gelnar 2006) . The same reasoning may well apply to the spatial distribution patterns of Dactylogyrus spp. observed in the current study.
For both surveys parasites exhibited a preference for the medial position of the gill as well as the anterior face of the gill. This is once again most probably the result of water flow and water pressure on the dispersion of parasites during the respiration process (Le Roux et al. 2011 ). This preference was found to be statistically significant during the winter survey only.
During winter a statistically insignificant preference was recorded for the right side of the head, while parasites appeared to prefer the left gill set during summer (statistically significant). Previous studies (e.g. Turgut et al. 2006 , Le Roux et al. 2011 ) also indicated no significant differences in gill set preference. It is thus believed that the significant preference observed in summer may have been the result of a random effect.
Seasonal differences in infection statistics of monogenean parasites were demonstrated. It is postulated that the interaction between temperature effects, parasite population dynamics and host population dynamics may be largely responsible for the results. Additional, large scale ecological studies possibly combined with experimental studies are required to further elucidate such potential effects.
